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Abstract. With the increasing demand for new and energy efficient drying methods of agricultural 
products, various techniques were deviced by researchers around the world. This techniques usually 
developed in laboratory scale prior to scale-up for actual industrial application. During this stage, 
modeling usually involved to aid scaling up process. This paper presents the modeling of drying 
kinetics of grated coconut using three semi emperical thin layer model. These models were 
Logarithmic, Modified Handerson and Pabis, and Verma et al models. Moisture ratio predicted by 
these models were compared against experimental drying carried out at four temperatures: 50°C, 
60°C, 70°C and 80°C. The performance of these models were analyzed statistically using non-linear 
regression using LabFit software. The statistical parameters analyzed were coefficient of 
determination (R
2
), reduced Chi-square (X
2
), Root Mean Square Error (RMSE) and Residuals. 
Higher R
2
 with lower X
2
, RMSE and Residuals implies good predictability of the models. From the 
analysis, it was found  that Logarithmic model yields the best predictive capability of grated 
coconut drying kinetics with R
2
 = 0.9996387, X
2
 =0.505535x10
-3
, RMSE = 0.00623597 and 
Residuals = 0.0703607. 
Introduction 
Coconut is believed to have its origins in the Indo-Malayan region, from where it spreaded 
throughout the tropics. Coconut palm is botanically referred to as the Cocos nucifera. It is known 
with high quality nutricious content and also rich in fiber, vitamins, and minerals. Today, the 
coconut is a domesticated plant and has become an essential resource for food, shelter, fuel and 
even medicine [1].  
Dried coconut is one of the coconut-derived products, and is used in the preparation of 
various desserts, e.g., donuts and ice cream. Traditionally, a tray dryer is used to produce dried 
coconut from the wet finely chopped coconut pieces. The process, however, takes very long time 
and yields a product that is not consistent, both in terms of colour and moisture content. This leads 
to a high rate of rejection of the dried product by the consumer. The need for an alternative drying 
technique that can produce a product faster and with higher quality therefore exists [2]. Rotary 
dryers and fluidized bed dryers are some of the examples of widely used drying techniques [3]. 
However, these techniques which were usually devided in laboratory scale requires scaling up to 
meet actual industrial demands, and hence mathematical modeling plays important role. Among 
these models were thin layer models which were widely used to predict drying kinetics of 
agricultural products. 
A comparison of green bell peppers drying and rehydration behaviours were studied on 
control samples and pre-heated samples with ethyl oleate solution by [4]. It was found that, samples 
drying time were inversely proportional with drying rate. While, rehydration ratio and drying rate of 
pre-heated samples was greater than control samples. The effective moisture diffusivity, Deff, were 
verified and moisture transfer from green bell peppers was presented by using the Fick’s diffusion 
model. 
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 Madhiyanon et. al [5] reported that Modified Henderson and Pabis model was found to be 
the best model and accurately predicts drying curve of chopped coconut. Internal mass diffusion 
predominated in the drying mechanism as shown by the drying rate curves which falling rate drying 
encompassed throughout the drying period. Sacilik [6] concluded that apple slice colour did not 
affected by low temperature of supplied air, however, caused longer drying time and a decrease in 
the drying rate as reported. They also found that thicker apple slice requires longer drying time but 
lower drying rate. While increasing air temperature and flow rate of heating medium, an increasing 
drying rate was found. Srinivaaskannan and Balasubramanian [7] investigated various semi 
empirical models and compared the findings with the experimental data for millet drying. They 
reported that Page model was found to agree with the experimental data with less than 1.4% of 
RMSE while effective moisture diffusivity, Deff value of millet is found to be approximately three 
times lower than that of ragi (food grain) and corn. 
 
Methodology 
Experimental equipment: Convection oven model Memmert was used to heat and dried the sample. 
This oven used heat convection concept to spread the heat with maximum temperature can reach 
until 1600
o
C. Analytical balance model GR 200 with at least count of 0.1 mg and ±0.001% error 
was used to measure the mass of samples and aluminum pan. 
Experiment procedure: Experiment was conducted by switching on the oven and setting up the 
intended drying temperature. Then, the grated coconut samples were prepared by put one and half 
spatula of samples (approximately 5 g) on an aluminum pan. Three samples were prepared for each 
drying temperature to reduce discrepancy by obtaining average values. After that the samples were 
weighed and the initial mass were recorded before putting them inside the oven. The total duration 
of oven drying is about three hours, where the samples were brought out of the oven at 10 minutes 
interval for weighing their current mass before continuing drying until the end.  
 
Statistical analysis: Experimental data was first them using LABfit software with linear regression 
analysis. The software helps to create predicted data based on experimental data using thin layer 
semi empirical model. Coefficient of determination (R
2
), reduce Chi-square (X
2
), Root Mean Square 
Error (RMSE), and Residual are the parameter that must be concern to produce the result. Various 
thin layer models were available in the literature and tabulated in Table 1. 
 
Table 1: Thin-layer drying models adapted for grated coconut drying [4,5,6,7,8,9]. 
No Model names Model 
1 Newton or Lewis MR = exp(-kt) 
2 Page MR = exp(-kt
n
) 
3 Henderson and Pabis MR =a exp(-kt) 
4 Logarithmic MR =a exp(-kt)+b 
5 Two term MR =a exp(-k0t) +b exp(- k1t) 
6 Midilli MR =a exp(- ktn)+bt 
7 Verma et al. MR =a exp(- kt)+(1- a) exp(- gt) 
8 Modified Henderson and Pabis MR =a exp(- kt) + b exp(- gt)+ c exp(-ht) 
 
The list adapted to experimental drying data at different temperatures for grated coconut. To 
determine each constant, non-linear regression was utilized for the tested model. The effectiveness 
of model fit was evaluated via the statistical criteria such as coefficient of determination (R
2
), 
reduced chi-square (X
2
), root mean square error (RMSE), mean relative percent error (P), and 
residuals. The higher the R
2 
and the lower the X
2
, RMSE, P and residuals values, the better the 
model fit [3,5,7,8]. These parameters may be expressed as: 
                  (1) 
 
N            
i=1  
x2 = Σ  (MRexp,i – MRpre,i)  
N – P 
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      (2) 
  
 
 
                  
      (3) 
 
 
 
                  (4) 
 
where MRexp,i and MRpre,i are the i experimental and predicted moisture ratios, respectively. 
the number of observations is N, and the number of constants is p. 
 
Results and Discussion 
All the thin layer semi empirical model of drying kinetics selected to be compared with experiment 
result. The best empirical model is based on the the four statistical parameters above. Moisture ratio 
values from experimental work (oven drying) was plotted together with moisture ratio in thin layer 
semi empirical model on the same graph for anlaysis purposes. Each moisture ratio data were 
described separately for each temperature. Fig. 1 until Fig. 4 showed the comparison between 
moisture ratio experiment data distribution and moisture ratio data each model at 50ºC, 60ºC, 70ºC 
and 80ºC for the grated coconut. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  a)     b)    c) 
Fig. 1: Comparison between experimental and predicted moisture ratio at 50ºC for  
a) Logarithmic, b) Modified Henderson and Pabis, c) Verma et al model 
  
(MRexp,i – MRpre,i) Residuals = 
       MRexp,i – MRpre,i 
               MRexp,i 
100 
  N 
P = 
        1  Σ (MRexp,i – MRpre,i)2  1/2 
              N
 
RMSE = 
  N 
i=1 
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  a)     b)    c) 
Fig. 2: Comparison between experimental and predicted moisture ratio at 60ºC for  
    a) Logarithmic, b) Modified Henderson and Pabis, c) Verma et. al. model 
 
 
 
 
 
 
 
 
 
a)     b)    c) 
Fig. 3: Comparison between experimental and predicted moisture ratio at 70ºC for  
    a) Logarithmic, b) Modified Henderson and Pabis, c) Verma et al model 
 
 
 
 
 
 
 
 
a)     b)    c) 
Fig. 4: Comparison between experimental and predicted moisture ratio at 80ºC for  
    a) Logarithmic, b) Modified Henderson and Pabis, c) Verma et al model 
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For 50ºC, there is no significant difference between predicted data and experiment data for 
Logarithmic model and Verma et. al. model which means the two model predict almost the same 
moisture ratio with experiment moisture ratio. For 60ºC, both models showed almost all predicted 
data coincide with all experiment data but the deviation was quite noticable for 70ºC and 80ºC. The 
inconsistency of moisture ratio for each model might be due to the variation of the grated coconut 
sizes. Statistical analysis was done to analyze the data and fine the best model represent drying 
kinetics for the grated coconut. Non linear regression has been produced using LAB Fit software in 
order to produced statistical result in terms of root mean square error (RMSE), residuals, coefficient 
of determination (R
2
) and chi-square (X
2
). The results for the grated coconut at difference 
temperature are shown in table below. 
 
Table 2: Grated coconut linear regression data. 
Temperature 
(°C) 
Model R
2
 RMSE Residuals X
2
 
50 
Logarithmic  0.9942236 0.0272540 0.327532 0.965614x10
-2
 
Modified Handerson & Pabis 0.9839972 0.0572271 0.653162 0.327495x10
-1
 
Verma et. al 0.9949518 0.0285853 0.323298 0.980540x10
-2
 
      
60 
Logarithmic  0.9996387 0.0062359 0.070360 0.505535 x10
-3
 
Modified Handerson & Pabis 0.9971235 0.0224362 0.227328 0.503383 x10
-2
 
Verma et. al 0.9996094 0.0068788 0.076839 0.567820 x10
-3
 
      
70 
Logarithmic  0.9967830 0.0174966 0.212867 0.397970x10
-2
 
Modified Handerson & Pabis 0.9972548 0.0184346 0.202997 0.339834x10
-2
 
Verma et. al 0.9956101 0.0242167 0.286780 0.703737x10
-2
 
      
80 
Logarithmic  0.9887624 0.0331796 0.384057 0.143115x10
-1
 
Modified Handerson & Pabis 0.9920748 0.0321037 0.336712 0.103065x10
-1
 
Verma et. al 0.9917189 0.0312667 0.299030 0.117313x10
-1
 
 
Table 2 presents the statistical results produced by non-linear regression analysis using 
LABFit software. The value of R
2
, RMSE, Residual and Chi-square for experimental and each 
model were obtained. Higher the R
2
 and the lower the RMSE, chi square and residual the better the 
model fit. Based on the analysis, for grated coconut, Logarithmic model of drying kinetics at 60ºC 
produce the highest R
2
 and the lowest RMSE and Residual. It can be conclude that Logarithmic 
model at 60ºC produced the highest accuracy and repeatability.  
 
Conclusion 
The aim of this research was to study and to model by using semi empirical model drying kinetics 
of grated coconut via oven drying and to fit them into three thin layer models. The moisture ratios 
of these models were calculated at four different temperatures which are 50ºC, 60ºC, 70ºC and 
80ºC. The statistical analysis was obtained using non linear regression from LABFit software. The 
purpose of using non linear regression is to interpret the value of coefficient of determination (R
2
), 
Root Mean Square Error (RMSE), Chi-square (X
2
) and Residuals. For the grated coconut at 60ºC, 
Logarithmic model is considered the most precisely predictive model which gives R
2
 = 0.9996387 
and small value of Residuals, Chi-Square and RMSE. All these value will determine the accuracy 
and repeatability of moisture ratio for each model. The value of R
2 
which mostly >0.99 considered 
as the accurate moisture ratio produced. Based on the results, the moisture ratio of Logarithmic 
model for the grated coconut showed the highest R
2
 and the lowest RMSE and residuals. Hence, 
Logarithmic model at 60ºC for the grated coconut are considered to be most precise predictive 
model for drying kinetics of coconut via oven drying.  
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